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(54) Composite structural truss element 

(57) A method for forming a structurally reinforced 
panel member, and the panel itself, is disclosed. The 
method requires disposing a first set of sheets of cura- 
ble composite material atop a tool forming surface, 
wrapping a plurality of mandrels with a second set of 
sheets of curable composite material, arranging the 
wrapped mandrels in side by side relation atop the first 
set of sheets, curing the structural assembly, and then 



removing the mandrels from the cured structural 
assembly. In this way, the structural assembly includes 
interior channels obtained when the mandrels are 
removed from the cured structural panel member. The 
material portions defining the channels provide 
increased strength for the structural assembly. ] 
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Description 

BACKGR OUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to the fabrication of 
structural truss elements, and more particularly to a 
method for producing a truss element made of compos- 
ite materials which is capable of performing structural 
functions. 

2. Background of the Invention 

In the aerospace industry, composite materials are 
being used to form skin or panel structures. These 
materials lend themselves well to requirements that 
these structures exhibit high strength and. at the same 
time, minimal weight. Other requirements for such 
structures which have arisen in recent times include the 
ability to provide cooling or heat transfer functions, the 
ability to permit cooling and/or carry liquid or gas cool- 
ants, and the ability to reduce electronic visibility by fab- 
rication from low dielectric materials. 

Typically, the fabrication of such structures involves 
positioning several resin-impregnated sheets over a 
mold form, positioning core members or mandrels on 
top of the sheets, and thereafter disposing a plurality of 
layers of composite material sheets atop the mandrels. 
This assembly is then subjected to heat and pressure in 
an autoclave to cause curing of the resin in the compos- 
ite material sheets. 

A principal disadvantage of this process resides in 
the use of the mandrels, It has been found to be 
extremely difficult to remove such elements after curing 
has taken place. One of the most common reasons 
thwarting removal of the mandrels is that the composite 
material sticks to the mandrels. » 

It is against this background that the present inven- 
tion has been developed. 

OBJECTS OF THE INVENTION ! 

It is therefore an object of the present invention to 
provide a method for making a composite panel mem- 
ber having internal chambers formed without the use of 
forming mandrels, where the method is capable of over- 
coming all the disadvantages and drawbacks of similar, 
currently known methods for producing composite panel 
members. ' 

Another object of the present invention is to provide 
a composite panel member having one or more internal 
channels which result when mandrels used in the lay-up 
phase of manufacture of the panel members are 
removed after curing of the panel members. 

Another object of the present invention is to provide 
a panel member and a method of manufacture therefor, 
where the panel member is capable of providing heat 
transfer functions, or structural functions, or both. 



Still another object of the present invention is to 
provide a method for fabricating a composite panel or 
skin element having internal channels fabricated by dis- 
posing the composite material about mandrels prior to 

5 curing and then removing the mandrels following curing, 
as for example by a chem-milling process. 

Yet another object is to provide a composite mate- 
rial truss core member having channels which facilitate 
cooling or heat transfer of the member or adjacent ele- 

10 ments, or storage for electronic equipment or cables, 
and which further permits manufacture using a low die- 
lectric material, such as a quartz or fiberglass, to mini- 
mize detectable electrical properties associated with 
configuration parameters. 
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PRIEF DESCRIPTION OF TH E DRAWING 

Figure 1 is a flow chart showing schematically the 
steps of the method contemplated by the present 
invention, and 

Figure 2 shows the structural assembly which is 
obtained following the steps of the method of the 
present invention. 



25 DETAILED D ESCRIPTION OF THE INVENTION 

The present invention embraces a method for form- 
ing a panel or skin member principally capable of per- 
forming cooling functions and/or structural functions. 
30 Referring first to Figure 1 f there is shown a method 
for forming a panel or skin member having internal 
channels or chambers, where the member is capable of 
performing cooling functions and/or structural functions. 
The method 100 is depicted as a schematic flow chart 
35 essentially including six steps. 

In step 110, composite material sheets are 
wrapped around extruded mandrels. In step 120, a sec- 
ond set of composite sheets is laid over a tool-forming 
surface. Step 130 entails arranging the wrapped man- 
40 drels side-by-side atop the second set of composite 
sheets. In step 140, another set of composite sheets is 
.r laid over the mandrels. In step 150, the layered assem- 
bly is cured, and in step 1 60. the mandrels are removed. 
One preferred method of removing the mandrels 
45 from the cured assembly is by a chem-milling process. 

Referring now to Figure 2, there is shown a forming 
. tool 202 having a forming surface 204. A first plurality of 
sheets 212 of composite material is disposed atop the 
forming surface 204. A plurality of mandrels 222 are 
so shown disposed atop the plurality of sheets 212, where 
the mandrels are disposed in side-by-side relationship. 
The mandrels are each wrapped with one or more 
sheets 224 of a curable composite material. 

A third plurality of sheets 232 are shown to be dis- 
55 posed atop the sheet-wrapped mandrels. Sheets 232 
are arranged atop the upper surface of the mandrels in 
such a manner as to define an upper skin of the uncured 
structural assembly. 

The mandrels are preferably extrusions made of 
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aluminum which are braided, filament wound or applied 
by fiber placement Each of the mandrels is preferably 
wrapped three times (i.e. provided with three layers) of 
quartz prepreg material which can exhibit thermoset or 
thermoplastic properties. The material can alternatively 
be impregnated with thermoset prepreg material. Each 
of the upper and lower plurality of sheets 212 and 232, 
respectively, can be of the same material as that which 
is wrapped around the mandrels. 

After the structural assembly has been cured in an 
autoclave, the mandrels are removed, as shown at 240 
in Figure 2. The preferred process of removing the man- 
drels involves appropriately masking the structural 
assembly and chem-milling the aluminum mandrels out. 

As has been described above, the present inven- 
tion provides for a vehicle skin structure made of com- 
posite material which has a structural configuration that 
includes internal chambers or channels formed upon 
removal of the mandrels from the cured structure. 
These channels or chambers facilitate cooling of the 
skin structure by allowing the passage of liquid or gas 
coolants through the chambers or channels (Note in 
Figure 2 a fluid source 250 that contains fluid 260 for 
delivery from the source through the tubular members 
240, and a pump 270 f luidly coupled to the source). The 
channels are sealed to prevent coolarJt from penetrating 
the composite material skin structure. Care must be 
taken to also seal any manifolding extending from chan- 
nel to channel to prevent leakage of the coolant from the 
interior of the skin structure. 

Edges and moidline features are fabricated with a 
low dielectric material, eg. quartz-fiberglass, with no 
metal or high dielectric material used in designated low 
observable areas. The low observable areas are fabri- 
cated with Tedlar, a low dielectric material. The Tedlar is 
used to seal the channels when the latter is used for 
housing or conveying gas or liquid coolant 

Channel Fabrication utilizes aluminum mandrels 
which can be sized and configured to meet structural, 
low observable and thermal requirements. The length of 
the aluminum mandrels must also be compatible with 
the panel size and coolant exposure length desired. 

While certain representative embodiments and 
details have been shown for the purpose of illustrating 
the invention, it will be apparent to those skilled in this 
art that various changes and modifications may be 
made therein without departing from the spirit or scope 
of this invention. 

The invention may be summarized as follows: 
• . .. : i ; ' ■, 

SUMMARY OF THE INVENTION 

1. A method for forming a structurally reinforced 
panel member, comprising: 

arranging a first plurality of sheets of curable 
composite material atop a tool forming surface 
to form a first uncured face sheet member, 
wrapping a second plurality of sheets of cura- 
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ble composite material around each one of a 
plurality of tubular mandrels to form a plurality 
of wrapped tubular members. ; 
arranging said wrapped tubular members in 
side by side relationship adjacent one another 
atop said first uncured face sheet member, 
disposing a third plurality of sheets of curable 
composite material atop said wrapped tubular 
merhbers to form a second uncured face sheet 
member, said first and second uncured face 
sheet members and said wrapped tubular 
members constituting a structural assembly, 
curing said structural assembly to unitarily con- 
nect the face sheets with the tubular members, 
, ... and . ; - .-.I i? ■ .■ '-.w-y. -\ i 

removing said mandrels from said cured struc- 
tural assembly to yield a plurality of tubular ele- 
ments arranged side by side between the two 
face sheets, : . \ ■ . ^ 

said cured structural assembly including 
interior channels obtained when said mandrels 
are removed from said cured tubular members, 
the walls of said tubular elements providing 
increased strength for said structural assembly 

2. The method further including the step of remov- 
ing said mandrels from said cured structural panel 
member by a mechanical process. 

3. The method wherein said step of removing the 
mandrels from said structural panel member 
includes a step of chem-milling said mandrels. 

4. The method further including the step of f luidly 
coupling selected ones of said tubular elements. 

. . ■ .:-.r.-,:, !-,r:;.- , : r ■ \ 

5. A structurally reinforced panel member, compris- 
ing: '. ' . :■:}■ •' I ' >\ 

; :.;■■] !.:,<-■; K - • r i \ 

a first layer of cured composite material, 
a plurality of discrete, elongated,: tubular sec- 
tions of cured , composite material disposed 
. side-by-side atop said layer, : ; i > 
a second layer of cured composite material dis- 
posed atop said plurality of tubular sections, 

said first and; second layer and said 
tubular sections of . cured composite material 
being integrally formed as a unitary structure. 

6; The structurally i reinforced panel member 
wherein said tubular sections are arranged parallel 
to one another. , ■, ; r 

7. The structurally reinforced , panel member 
wherein said tubular sections are disposed. 

8. The structurally reinforced panel member 
wherein at least two of said hollow sections are f lu- 
idly connected to one another. 
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9. The structurally reinforced panel member 
wherein said discrete, elongated, tubular sections 
each comprise a substantially cylindrically shaped 
tube. , 

10. The structurally reinforced panel member fur- 
ther including means for moving fluid through said 
tubular sectons. 

11.. The structurally reinforced panel member 10 
wherein said fluid is a coolant. 

12/ The structurally reinforced panel member 
wherein one of said first or second layers of cured 
composite material is a vehicle skin which requires is 
cooling, and said tubular: sections define channels 
for carrying coolant to cool the aircraft skin. 

13. The structurally reinforced panel member 
wherein the surfaces of said channels are sealed. 20 

14. The structurally reinforced panel member 
wherein the material used for sealing the channel 
surfaces is Tedlar. ; < 

25 

Claims ■ < '■ -*i i 

1 . A method for forming a structurally reinforced panel 
member, comprising: 

■ ; ■ - : ! ■ -v-. \ ■ . . 30 

arranging a first plurality of sheets of curable 
1 composite material atop a tool forming surface 
to form a first uncured face sheet member, 
wrapping a second plurality of sheets of cura- 
ble composite material around each one of a 35 
plurality of tubular mandrels to form a plurality 
of wrapped tubular members, 
arranging said wrapped tubular members in 
side by side relationship adjacent one another 
atop said first uncured face sheet member, 40 
disposing a third plurality of sheets of curable 
composite material atop said wrapped tubular 
members to form a second uncured face sheet 
member, said first and second uncured face 
sheet members and said wrapped tubular 45 
members constituting a structural assembly, 
curing said structural assembly to unitarily con- 
nect the face sheets with the tubular members, 
and ■ 

removing said mandrels from said cured struc- so 
tural assembly to yield a plurality of tubular ele- 
ments arranged side by side between the two 
face sheets, 

i said cured structural assembly including 
interior channels obtained when said mandrels $s 
are removed from said cured tubular members, 
the walls of said tubular elements providing 
. increased strength for said structural assembly. 



2. The method of claim 1 , and further including the 
step of removing said mandrels from said cured 
structural panel member by a mechanical process. 

3. The method of claim 2, wherein said step of remov- 
ing the mandrels from said structural panel member 
includes a step of chem-milling said mandrels. 

4. The method of claim 2, and further including the 
step of f luidly coupling selected ones of said tubular 
elements. 

5. A structurally reinforced panel member, comprising: 

a first layer of cured composite material, 
a plurality of discrete, elongated, tubular sec- 
tions of cured composite material disposed 
side-by-side atop said layer, 
a second layer of cured composite material dis- 
posed atop said plurality of tubular sections, 

said first and second layer and said 
tubular sections of cured composite material 
being integrally formed as a unitary structure. 

6. The structurally reinforced panel member of claim 

5, wherein said tubular sections are arranged paral- 
lel to one another. 

7. The structurally reinforced panel member of claim 

6, wherein said tubular sections are disposed. 

8. The structurally reinforced panel member of claim 
6, wherein at least two of said hollow sections are 
lluidly connected to one another. 

■ -i I 

9. The structurally reinforced panel member of any of 
the preceding claims wherein said discrete, elon- 
gated, tubular sections each comprise a substan- 
tially cylindrically shaped tube, 

further preferably 

including means for moving fluid through 
said tubular sectons, 

wherein preferably 

said fluid is a coolant. 

wherein preferably 

one of said first or second layers of 
cured composite material is a vehicle skin 
which requires cooling, and said tubular sec- 
tions define channels for carrying coolant to 
cool the aircraft skin. 

wherein preferably 

the surfaces of said channels are 
sealed, and 

wherein preferably 
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the material used for sealing the chan- 
nel surfaces is Tedlar. 

10. A method for forming a structurally reinforced panel 
member, comprising: 5 

arranging a first plurality of sheets of curable 
composite material 

wrapping a second plurality of sheets of cura- 10 
ble composite material to form a plurality of 
wrapped tubular members , and 

curing to unitarily connect the face sheets with 
the tubular members. 15 
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